During infectious mononucleosis, IgM autoantibodies are generated to a protein, p542, which contains a glycine-rich 28-mer epitope cross-reactive with the Epstein-Barr nuclear antigen-1 through Epstein-Barr nuclear antigen-l's glycine/ alanine repeat. In normal individuals it is uncommon to find IgG anti-p542, but among patients with progressive systemic sclerosis, systemic lupus erythematosus, and ulcerative colitis high IgG anti-p542 (> 3 SD above the mean of normal 20-50 yr controls) occurred frequently. Lesser elevations occurred in Sjogren's syndrome, rheumatoid arthritis, ankylosing spondylitis, and Crohn's disease, but none with chronic hepatitis B infection. The reactive epitopes on p542 were mapped with deletion mutants, which indicated that the glycine-rich 28-mer was the major antigenic determinant, with lesser antibody responses to other epitopes. We conclude that normally there is an inability to generate IgG autoantibodies to the cross-reactive (mimicking) epitope of the p542 host protein, but that this inability is overcome in a proportion of patients with autoimmune disease. We conclude also that non-cross-reactive autoepitopes exist on p542 protein, to which IgG autoantibodies can commonly be formed in autoimmune disorders. The mechanisms responsible for the latter must involve different mechanisms than those responsible for autoantibodies to the mimicking epitope. (J. Clin. Invest. 1995Invest. . 95:1316Invest. -1327 
Introduction
Epstein-Barr nuclear antigen-l (EBNA-1)1 is a nuclear antigen encoded by EBV, and it is universally present in EBV-infected cells. It is critical to viral DNA replication and thus to viral persistence in host cells. It is also a potent antigen, its glycine/ alanine (gly/ala) repeat constituting its major antigenic site, as well as a basis for autoantibody production by mimicry (1, 2) . We have previously noted in infectious mononucleosis (IM) that IgM autoantibodies are produced to numerous B cell antigens, and that most of them are inhibited by gly/ala synthetic peptides representative of EBNA-l's gly/ala repeat (1) . In the preceding paper (2), we reported that one of two recombinant B cell autoantigens recognized by IgM autoantibodies in IM, p542, contains a 28-mer sequence, GGGASGGGGGGGGSG-GGGSGGGGGGGSS, which is a mimicking epitope for the gly/ala repeat of EBNA-1. The 28-mer also is the major autoantigenic site in the p542 molecule. Similar Gly-rich epitopes exist in other mammalian and viral proteins, and these may constitute other targets or inducers of anti-p542-like autoimmunity.
Once infected by EBV, one carries the virus for the rest of one's lifetime (3) . Since all cells infected by the virus produce the EBNA-1 antigen, EBNA-1 must pose a constant threat of autoimmunization. Here we follow the course of the antibody response to the gly/ala peptide of EBNA-1, together with the autoantibody levels to p542, in students during acute IM and through the following year. We also examine the frequency with which the autoantibody to p542 can be found in normal populations and in autoimmune diseases. IgM anti-p542 continues to be made long after acute IM. IgG anti-p542, however, develops infrequently during this time. IgG anti-p542 is also seen infrequently in normal controls, but it is found in high titer in subpopulations of several autoimmune diseases.
The appearance in multiple autoimmune diseases of IgG anti-p542, an autoantibody that can be attributed to virus infection and which is not explicable simply on the basis of polyclonal B cell stimulation, constitutes a novel finding.
In further studies, we have recognized two autoantigenic epitopes on p542 in addition to its mimicking 28-mer. Examination of one of these epitopes suggests that it has no mimicry with any EBV-encoded antigen, and thus that p542 can be an active autoimmunogen on its own. We suggest that the autoimmunogenicity of this second epitope depends upon preexisting autoantibody to the original mimicking epitope.
Methods
Sera. Students with infectious mononucleosis were volunteers at San Diego State University, San Diego, CA, who agreed to repeated bleedings during their acute illness and in a followup period. Diagnosis of IM was based upon the presence of typical clinical presentation, blood smears, and positive heterophil tests. Viral capsid antigen (VCA)-positive and VCA-negative controls were from 16-17-yr-old volunteer students in La Jolla High School, La Jolla, CA. The normal control popula-serum albumin, and probed with antibody applied in powdered milk for 1 h at room temperature. The secondary antibody was rabbit antihuman IgM or IgG conjugated with horseradish peroxidase. A 1:100 serum dilution was routinely used, having been shown to be regularly on the downslope of the titration curve and thus to provide a good measure of relative antibody concentration in various sera. For studies of antibodies to deletion mutants of p542, the wells were coated with mutant antigen at 5 pg/ml. Preliminary studies using the mutants at concentrations varying from 3 to 30 p!g/ml revealed increasing OD values throughout this range, but only the antibody binding to wells coated at the lower antigen concentrations could be inhibited by soluble antigen at 30 gg/ml or less, and therefore 5 iug/ml was chosen for coating the wells to assay specifically for this inhibitable, higher affinity antibody population.
Western blots. Extracts of bacterial or mammalian cells in Laemmli buffer were prepared as previously described (2). They were electrophoresed in polyacrylamide gels, transferred to nitrocellulose, blocked with powdered milk in borate buffered saline, probed with purified antibody in powdered milk and 10% glycerol, and developed with enzyme-labeled goat anti-human IgG or IgM.
Recombinant autoantigens. The p542 and p554 autoantigens were prepared from the gene fragments, as described in a previous study (2) .
The /3-galactosidase fusion protein, p542-B, was isolated as a 70-kD product after electrophoresis in large acrylamide gels of lysates of bacteria carrying the gene in a pSEM expression vector (2 Immunoaffinity purification ofautoantibodies. Recombinant autoantigen was isolated on nitrocellulose strips after transfer from polyacrylamide gel electrophoresis. The excised strips were used for absorption of autoantibodies from serum, as previously described (2) . The autoantibody was eluted at pH 11.5 and immediately neutralized in dihydrogen phosphate, 3% powdered milk, and 10% glycerol.
Antigens and synthetic peptides. The antigens were the same as those used in the previous paper (2) . The synthetic peptides used here were EBNA-1 gly/ala (P62): AGAGGGAGGAGAGGGAGGAGC; EBNA-1621 635: GDDGDDGDEGGDGDE; CMV EA (C2): SSSSAG-GGGGGAGGGGGGGGSGG; and p542 21-mer: GGGGGGSGGGGS-GGGGGGGSS.
Results
Lack of IgG anti-p542 during and after acute infectious mononucleosis. To evaluate the times of appearance of IgM and IgG anti-p542, and of antibody to a gly/ala peptide, P62, representing the mimicked region of EBNA-1, 14 volunteer college students with IM were bled during their acute illnesses and serially thereafter for up to 14 mo. All were heterophile antibody positive. The students remained ambulatory, returning at intervals to make blood donations during followup. Fig. 2 , top, illustrates the levels of their IgM anti-p542 autoantibodies. These were high in the acute disease and fell somewhat by the third month, but they generally persisted elevated at about this level for the remaining period of observation. This persistence lasted well into the period when most patients were already showing a considerable rise in IgG antibody to the gly/ala (EBNA-1) peptide, P62 (Fig. 2, bottom) .
Despite the rise in IgG anti-P62 peptide, IgG anti-p542 was infrequently seen (Fig. 2, middle) . Two students had low levels of IgG anti-p542 during the acute episode, but both lost this by Month the first follow-up bleeding. Both of these students had very much higher IgM than IgG anti-p542 on these occasions. One student developed a striking elevation of IgG anti-p542 at the 6-mo follow-up, with a decline thereafter. This student also had a parallel rise and decline in his IgM anti-p542. Two other gen, p554, (2) was elevated already at the first bleeding during acute IM in most patients (not shown), indicating that there was no general impairment in the ability to make IgG autoantibodies during the infection. IgG anti-p542 in autoimmune diseases. The sera from VCA+ and VCA-16-17-yr-old high school students, 20-50-yr-old healthy volunteer hospital workers, and 70-90-yr-old healthy volunteers had very little IgG anti-p542 reactivity (Table I and Fig. 3 Table I both as mean titers for each group, and as frequencies with which values 2 2 and 2 3 SD above the normal 20-50-yr-old controls were found.
In each of the autoimmune groups, many of the sera had IgG anti-p542 levels that actually were negative for the autoantibody, or within the normal range, but subgroups within each had very high levels. This is graphically demonstrated for PSS, SLE, and UC as compared with other groups in Fig. 3 , and by the frequencies with which values 2 3 SD of the normal mean were seen in these and other autoimmune patients in Table I .
In previous studies (5), we noted that cytomegalovirus (CMV) infection can generate IgM autoantibodies with reactivities in Western blots resembling those of the IgM autoantibodies generated during EBV infection; and we have noted (Fig. 10 in reference 2) that CMV as well as other exogenous agents encode proteins which have glycine-rich sequences which are reasonable candidates for inducing anti-p542 autoantibodies. We wished, therefore, to get some estimate of whether either EBV or CMV might be associated with the IgG anti-p542. Therefore, we assayed by ELISA the titers of antibody to the EBNA-1 gly/ala peptide, P62, and the CMV early antigen peptide, C2 (Table I) . Except for PSS, antibody to the CMV early antigen peptide was negative in almost all sera, there being no more than a single positive serum in each disease group. In PSS, however, significant anti-C2 titers occurred in 15/40 (38%) of the sera, the mean for the entire group being 0.533 OD. Within the PSS group there was no relation of the anti-C2 titer to the anti-p542 titer.
Anti-P62 was present in essentially all the patients' sera. Here too, there was no good correlation between the anti-P62 titer and the anti-p542 titer, except that for the vast majority of the sera the anti-p542 titer fell within the anti-P62 titer of the same serum (only 22 of 134 doubly positive sera had anti-p542 titer higher than anti-P62 titer, as opposed to a theoretical 50-50 distribution for unrelated antibodies, X2 16.3, P < .0001, assuming equal sensitivities of the assays). This distribution is consistent with most anti-p542 autoantibodies being subcomponents of the anti-P62 antibodies. This possibility is more directly supported by data shown below in Figs. 4 and 7. VCA+ (10) Strep (9) Normal (29) IgG Anti-p542H-G -E(U2M0 SLE (20) PSS (40) Specificity of IgG anti-p542. Seven SLE, one RA, two IM, and two normal sera were selected for immunoaffinity purification of their IgG anti-p542 autoantibodies. The autoantibodies were adsorbed onto p542-B, a 70-kD /3-galactosidase fusion protein of p542 purified by gel separation and electrotransfer to nitrocellulose, as described in Methods. The autoantibodies eluted from this nitrocellulose-bound p542 were tested in ELISA against p542-H, a hexahistidine fusion protein of p542, which had been purified by adsorption and elution from a nickel column. All sera had been preabsorbed with extracts of E. coli carrying plasmids with antisense DNA inserts as a precaution against detecting IgG antibodies to E. coli products.
The immunoaffinity-purified IgG anti-p542 was highly specific (Table II) . There was no cross-reactivity with keratin, Figure 3 . Titers of IgG anti-p542
by ELISA in normal VCA -and VCA+ teenage controls, normal hospital employee volunteers 20-50 yr old, college students with infectious mononucleosis or strep throats, and patients with systemic lupus erythematosus, progressive systemic sclerosis, or ulcerative UC (12) colitis. The SLE patients were from Dr. Horwitz (see Table I ).
which had been a major cross-reacting protein for IgM antip542 in our studies in the preceding paper (2), nor with any of the unrelated proteins and peptides tested, with the single exception of an anti-Hsp6O reaction in the normal serum AS47. Two of the seven SLE anti-p542 reacted with the P62 and P60 gly/ala peptides. Thus in ELISA the IgG autoantibodies were highly specific for p542, but in only two cases could they be clearly associated by this method with a gly/ala reactivity.
Anti-EBNA-] reactivity of anti-p542. The weakness of the reactivity of anti-p542 with the gly/ala peptides in ELISA put in question whether anti-p542 does in fact cross-react with EBNA-1. We, therefore, examined more directly this presumed relationship by testing immunoaffinity-purified preparations of anti-p542 against recombinant EBNA-1. The EBNA-1 was pre- Presented in the left panel of Fig. 4 are Western blots with the control cells probed with the anti-p542; in the panel on the right are Western blots with the transfected cells. Lanes EBNA-I show the negative and positive reactions of the control and transfected cell preparations probed with a prototype IgG anti-EBNA-1 serum (G. Rhodes). Lanes 1-3 were probed with anti-p542 from three SLE sera and developed with an antiIgG reagent. All three showed very strong reactivity with the recombinant EBNA-1. Additionally, the anti-p542 from E90 reacted with multiple bands in the nontransfected monkey kidney cells, indicating that autoantigenic configurations similar to ones in the human p542 are present also in this nonhuman primate.
Since anti-gly/ala reactivity had not been prominent in the ELISA data in Table I , the strengths of reactivities of the IgG anti-p542 with the recombinant EBNA-1 in Fig. 4 were at first unexpected. We, therefore, wondered whether these reactions might be based upon mimicking sequences between EBNA-1 and p542 that were additional to the gly/ala-28-mer mimic. We repeated the above Western blots using EBNA-I as antigen, but preincubated the purified autoantibodies in (a) buffer control, (b) keratin, (c) a synthetic 15-mer peptide from EBNA-1 (residues 621-635) containing a pentamer DDGDE that is common to p542 and EBNA-1 and therefore potentially a second mimicking epitope, (d) a synthetic 21-mer peptide representing the downstream residues of the glycine-rich 28-mer in p542, or (e) the P62 gly/ala synthetic peptide of EBNA-1. The peptides were used in final concentrations of 10 .tg/ml. The P62 peptide completely inhibited the reactions of all three of the autoantibodies with EBNA-1 (Fig. 5) , and the 21-mer peptide of p542 was next most potent. Keratin was a weak inhibitor, and the DDGDE-containing peptide was completely inactive. Thus no additional epitopes could be demonstrated. IgG anti-p542 appears to react with EBNA-1 entirely through its gly/ala-28-mer cross-reacting specificity.
Multiple autoepitopes on p542. Although anti-p542 reacts with EBNA-1 purely on the basis of its anti-28-mer reactivity, (Fig. 1) , and they are not present elsewhere in the gene or in the pRSET vector. These therefore were used for preparation of deletion mutants. DI and D3 mutants were obtained by combining EcoNI and Clal cuts, respectively, with a HindIII cut downstream in the multiple cloning site of the plasmid, then blunt ending and religation. D2 was a ClaI/EcoNI cut with an inframe religation. All three mutants were very well expressed, giving excellent bands in Western blots when stained with amido black, and obtained in yields of 800, 255, and 690 ,ug from nickel columns with 50 ml starting vol of bacterial culture. At the right in the figure are depicted the three patterns of reactivity that we found in Westem blots, using immunoaffinitypurified IgM or IgG anti-p542 to probe lysates of bacteria containing the deletion mutants.
Among nine IgG anti-p542 preparations from sera of patients with SLE, all showed reactivity with DI and most with D2, as illustrated for E77 and E90 in Fig. 6 , bottom. None showed reactivity with D3. All of four immunoaffinity-purified IgM anti-p542 preparations that had previously shown strong cross-reactivity with keratin (Table II in (Table II in reference 2) reacted with both DI and D2 (shown for SD41, top right). Both also reacted minimally with D3.
The deletion mutants were purified from the bacterial lysates by adsorption and elution from nickel columns and secondary FPLC to clear them of residual contaminating bacterial protein (as assessed with an anti-E. coli reagent, see Methods), and then used in ELISA to assay whole sera for autoantibody activity (Fig. 7) . Most sera, whatever their source, that had previously exhibited IgG anti-p542 had IgG reactivity predominantly with the Dl mutant containing the 28-mer. IgG reactivity with the D2 mutant was seen in some sera, but almost always at a lesser titer than shown by the anti-DI reactivity. IgG anti-D3 reactivity was least commonly seen. 
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IgG Anti-p542 (E90) Figure 6 . Reactivities of immug _ > . _ _noaffinity-purified anti-p542 with deletion mutants (see Fig. 7 Anti-DI, -D2, and -D3 during and after acute infectious mononucleosis. We reexamined the reactivities of the sera of the 14 patients shown in Fig. 1 during and after acute infectious mononucleosis for their reactivities with the deletion mutants. High levels of IgM autoantibody reactivity were seen to all three mutants (Fig. 8) . The values were high initially and continued to be elevated, but at a somewhat lower level, throughout the follow-up. The strengths of the reactivities followed the general order DI > D2 > D3. Except for SD30 and SD41, these IgM anti-D2 and anti-D3 reactivities had not been evident in Westem blots (see Fig. 8 ). Since the ELISAs were carried out with whole sera and the Westem blots with immunoaffinitypurified autoantibody, we interpret the difference to be due to the presence in the sera of low affinity as well as higher affinity autoantibodies, but with retention of only the higher affinity autoantibodies during the process of immunoaffinity purification.
In the teenage controls (see Table I and Fig. 2) , there was also IgM reactivity for all three mutants, and this was true for some VCA -as well as the VCA+ sera (data not shown).
IgG autoantibody to the mutants was absent or in very low titer in the 14 IM patients. High titered anti-DI occurred only in a single individual, and only transiently. This was the same individual who had shown the transiently elevated anti-p542 previously (Fig. 2) . Lesser rises in IgG anti-DI occurred at 12 mo in two other individuals, again the same two as for antip542 in Fig. 2 . There was little or no IgG reactivity with D2 or D3.
Lack of mimicry of the D2 epitope with EBV antigens. IgG anti-D2, which was present in significant quantity in the SLE sera E77 and E90 (see Fig. 6 ), did not react with recombinant EBNA-1. This was clear from the inhibition studies in Fig. 4 , in which the reactivities with EBNA-1 of the anti-p542 in both E77 and E90 were completely inhibited by P62. Thus anti-D2
does not react with EBNA-1.
To test whether anti-D2 cross-reacts with some other EBVencoded antigen, we reacted immunoaffinity-purified anti-p542 from four sera known to have significant quantities of anti-D2 (one IgM and three IgG autoantibodies) in Westem blots with lysates of P3HR1 and B95-8 B lymphocytes before and after their activation by PMA and butyrate to induce virus production.
Lysates of the non-EBV-infected B lymphocyte BJAB, also before and after PMA and butyrate, were used as negative controls. The anti-p542 preparations were used as probes with and without inhibition by P62 or D2. In no case did we find the emergence of any new band reactive with anti-D2 in the activated lysates (data not shown).
Discussion
Consistent with our earlier experience in a general analysis of cross-reacting lymphocyte autoantigens by Western blots (1) , IgG autoantibody to the recombinant protein p542 was usually very low or undetectable during convalescence from IM, even though IgG anti-gly/ala (anti-EBNA-l) antibodies non-crossreactive with p542 developed abundantly. The systems that normally disallow switch to IgG of anti-gly/ala autoantibodies in convalescence from IM may include T cell suppressors, specific T cell cytotoxicity, downregulation of specific T cell receptor molecules, and suppression by antiidiotypic antibody or T cells (6) (7) (8) (9) (10) (11) , and also simple lack of development of anti-p542 specific T cells. Whatever the mechanism, B cells themselves must be central to the process, since the process involves recognition of very precise conformational specificities, i.e., those that differentiate Gly/Ala configurations that are and are not similar to ones present in the p542 28-mer. Antibody alone can do this. As has been demonstrated for other autoantibodies (12) (13) (14) (15) , the anti-p542 response probably begins with polyreactive early B cells with low affinity sIgM. For anti-p542, the polyreactivity must include cross-reactivity between configurations in the gly/ala repeat of EBNA-1 and configurations in the Gly- . Reactivities in ELISA of anti-p542 positive sera from patients with PSS, systemic lupus erythematosus (OK), and Sjogren's syndrome (SjS) with the D1, D2, and D3 mutants of p542. To eliminate any possible anti-E. coli antibodies from the assay, all sera were preabsorbed with lysates of bacteria transformed with the pRSET vector carrying antisense inserts. The mutants were isolated by two cycles of elution from nickel columns (Methods), followed by FPLC, and used at 5 ,ug/ ml to coat the ELISA plates.
reactivity-to give high IgM anti-p542 levels during acute IM-may occur initially by a T cell-independent, but EBNA-1 -dependent immunization. (The mechanism for a T cell-independent B cell stimulation could be direct cross-linking of antigly/ala sIgM by the EBNA-1 gly/ala repeat. This repeat is poorly or not at all digested by tissue proteases, and it is long enough to display the same epitope several times. The entire P62 sequence, for instance, is present three times in the repeat, and shorter gly/ala sequences appear many more times than that.) The (16, 17) ; they emerge only later in convalescence. Anti-p542 specific T cells are probably also very infrequent, although this has not yet been directly investigated. So a strong system for generating an IgM-+IgG shift for p542, either through EBNA-1 or through p542, probably does not exist during acute IM. Such a T cell deficiency may alone explain the infrequency of isotype shift, but the effect also could be to make the switch exquisitely sensitive to suppressor factors. Further studies will be needed to differentiate between these possibilities.
Multiple autoantigenic epitopes on p542. The p542 autoantigen has multiple autoepitopes, as is true also for other autoantigens (18) (19) (20) (21) (22) (23) which is in the D1 deletion mutant. When anti-p542 shifts to IgG, which generally occurs long after acute infection and often in conjunction with some autoimmune disease, the shift always includes autoantibody to the cross-reactive DI. It includes antibody to the non-cross-reactive epitope D2 in about half the sera and to D3 in about 10% of sera. This order in frequency follows the general order of the respective IgM titers of the autoantibodies in acute and convalescent IM sera (Fig. 8) , and we interpret this to reflect the relative precursor frequencies for B cells carrying these reactivities.
The autoantigenicity of the Dl epitope is based on its mimicry with EBNA-1. The D2 epitope appears to be non-crossreactive, neither with EBNA-1 nor with other EBV-generated proteins. Thus the mode of IgG anti-D2 induction must differ from that of anti-Di. The evidence we present here for its noncross-reactivity is that anti-p542 sera containing IgG anti-D2 did not react detectably with recombinant EBNA-1 through the anti-D2 component (Figs. 4 and 5) , nor with extracts of P3HR1 cells that had been induced to productive viral infection by PMA and sodium butyrate. Thus the development of IgG anti-D2 may be an example for autoantibodies of the epitope spreading described by Lehmann et al. (24) for autoreactive T cells in animals immunized with myelin basic protein.
We view that epitope spreading to D2 may operate in the following manner. IgG anti-D2 induction must depend initially upon precursor B cells with low affinity anti-D2 sIgM reactivity. Effective binding of p542 by these anti-D2-specific B cells will not likely be possible, however, except by complexing of the p542 molecule with antibody to the 28-mer, thus generating multivalency for D2. Consequent enhancement of binding, intemalization, and presentation of p542 peptides to T cells, affinity maturation, and isotype switch would result. In this scheme, the development of non-cross-reactive anti-D2 is dependent on preexisting cross-reactive anti-D 1. This scheme of anti-p542 production is susceptible to testing in an animal model, and it may prove generally descriptive of other autoantibody production.
The scheme assumes that p542 gets into the extracellular space, where p542 could bind anti-D2 reactive B cells. We have so far not detected p542 by flow cytometry as a surface antigen (not shown), and we have not tested for it in extracellular body fluids. There is precedent, however, among other intracellular autoantigens for their sometimes occurring extracellularly, i.e., both myelin basic protein and thyroglobulin have been directly demonstrated in the circulations of normal persons (25, 26 (13, 27, 28) , which also probably means presentation of extracellular autoantigen; and (c) the multiplicity of autoepitopes on most autoantigens is difficult to explain simply by mimicry and probably means that there are potentially autoimmunogenic epitopes on most of them.
The studies of Lin et al. (29) , and Mamula et al. (30) , strikingly illustrate the importance of extracellular autoantigen in the development of T cell autoimmunity in the mouse. These workers showed that, while human cytochrome c injected into mice can induce antibody cross-reactive with mouse cytochrome c, there was no accompanying T cell autoimmune response unless mouse cytochrome c was also included in the immunizing injections.
IgG anti-p542 in autoimmune diseases. Although IgG antip542 was seen infrequently, and only in low titer, in normal control populations, high titers were seen in subsets of several autoimmune diseases. The highest mean titers were in PSS and in UC. Varying mean titers occurred among three SLE groups; and the lowest values were in chronic hepatitis B infection, Alzheimer's disease and nondemyelinating neurological disease controls. We do not yet know definitively why the elevated anti-p542 autoantibody responses occur the in autoimmune diseases, but the skewing of the distribution of titers of anti-p542 towards those of anti-P62 suggests that these two are related to each other.
A simple interpretation that the anti-p542 in these diseases is based on polyclonal B cell activation is not adequate, since all the patient groups had comparable mean titers of antibody to both GroEL and pneumovax antigens, except RA and SjS which were lower (Vaughan, J. H., M.-D. Nguyen, and G. H. Rhodes, manuscript in preparation). Furthermore, the mean titers of these two antibacterial antibodies were not significantly different between sera with abnormally elevated anti-p542 titers (> 2 SD above the normal mean), as compared to those below this level, within each patient group.
One possibility for the elevated anti-p542 levels is that EBV induces the disease in a proportion of patients in each autoimmune syndrome, and that the IgG anti-p542 is a marker of EBV induction in those patients. Altematively, the IgG anti-p542 is not a marker of a specific inducing agent, but of the fact that each of the diseases has an impaired ability to suppress the expansion of EBV-infected B cells, as has been shown for several of them (31-33), with consequent autoimmunization by resident EBNA-1. A third possibility is that other microbial antigens cross-reactive with p542 may play inductive roles independent of EBV. Finally, the appearance of IgG anti-p542 may be determined by whether the individual's HLA class II molecules are capable of presenting the appropriate p542 peptides for T cell help.
PSS, which had the highest anti-p542 titers, is a disease that is characterized by antitopoisomerase 1, antinucleolar, anticentromere, and antifibrillarin autoantibodies, among others (34) . Of these, fibrillarin has in it a glycine-rich 22-mer (35) with 77% identity to p542. We have not yet determined whether this homology is the basis for the high anti-p542 or high anti-C2.
Neither EBV nor CMV has generally been considered to be an inducing agent in PSS, nor has any other infectious agent been so considered. However, in view of the close relationship that anti-p542 has to antibody to the EBNA-1 gly/ala peptide P62, and the independently elevated antibody to the CMV peptide C2, this tradition perhaps should be reexamined.
The number of sera of patients with ulcerative colitis we have examined is too small for conclusions to be drawn about our findings. Nevertheless, it is of note that Farmer et al. have reported high anti-CMV titers in UC blood (36) , and Wakefield et al. described the detection by nested polymerase chain reactions of EBV and CMV DNA in 16 and 17, respectively, of 21 biopsies of UC colonic tissue (37) . Our additional finding in this small series of high anti-p542 titers encourages further investigation in the area.
The three SLE series brings up other important considerations. Anti-p542 was elevated (> 3 SD above the normal mean) in subsets of all three series of patients more frequently than in the controls, but the numbers of individuals in these subsets varied greatly within each series. The Los Angeles sera were obtained from patients who were hospitalized because of active disease and who had high antinuclear antibody titers. The Oklahoma and San Diego sera were obtained from both inpatient and outpatient sources, and without regard to the activity or inactivity of their disease. The San Diego patients were predominantly Black and Hispanic, the Oklahoma patients predominantly European in origin. At present, we do not know which, if any, of these differences were determinant of the frequencies with which the elevated anti-p542 levels were found.
Nor do we know whether differences in environmental exposure were determinant in the SLE groups, including not only exposure to CMV or other non-EBV viruses, but also exposure to various strains of EBV with differing gly/ala chain length differences (38) (39) (40) , which we have associated with different cross-reactive potentials (see Fig. 7, reference 2) . Antibody titers to EBV antigens and peptides are elevated in SLE (41) (42) (43) (44) (45) (46) (47) , however, and the elevations are highly selective among EBV antigens (41, 42) , as well as exclusive of some other viral species (47) . So the elevations of anti-EBV antibodies are not explicable simply on polyclonal B cell stimulation. It remains possible that EBV is a significant, but not exclusive, factor in initiating or compounding this disease.
Finally, we have not followed any of these SLE patients longitudinally to determine the effects of treatment, or variation in disease activity, on their anti-p542 titers.
Among the remaining patient groups, the universally low values of IgG anti-p542 in the chronic hepatitis series document that elevations of this autoantibody are not simply the result of chronic inflammation. The intermediate levels in Sjogren's syndrome, ankylosing spondylitis, and rheumatoid arthritis were, as with the PSS, UC, SLE, and SjS patient groups, each due to subsets of patients with high anti-p542 titers. The mechanisms leading to this development of subgroups, and the implications for pathogenesis in the autoimmunities, will be important areas for future exploration.
